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  In the study of microbial metabolism and biosynthesis pathway, the vast majority of 
microorganisms are difficult or cannot be obtained in pure culture by cultivation methods. As a 
result, we cannot recognize the diversity of microbial genes which encode the biosynthesis of 
metabolites comprehensively as well as the species in nature. Therefore, culture- independent 
methods are the key way to study the genetic and metabolite diversity of microorganisms. By 
extracting the total DNA of microorganisms directly from environmental samples and cloning 
into the appropriate educable host cells, utilizing metagenomics strategies to study the genetic 
constitution of microorganism contained in environmental samples have become an important 
analytical method to analyze aggressive environmental samples such as marine samples. 
  In this study, chemical screening of 17 clones, derived from deep-sea sediments 
metagenomic libraries and possessed cytotoxic activity, was carried out. After comparing with 
the host E. coli, clones 10-1 and 25D7 could produce special metabolites. Large-scale 
fermentation of both E. coli host and 10-1 were carried in-depth study, including metabolite 
extraction, isolation and structure identification. 18 compounds were identified as 6 indole 
alkaloids, 5 chloramphenicol derivatives and 7 cyclic peptides. 3-hydroxy-2-indolone 
compounds and indirubin produced by 10-1 were special metabolites and the biosynthetic 
pathway may be the substrate indole within the function of dioxygenase gene oxidized to isatin 
and then condensed to indirubin. Cultivation with the substrate 5-bromoindole confirmed the 
biosynthetic pathway. Study of clone 25D7 metabolites conducted through addition of 
substrate 5-bromoindole into the culture directly. With the guidance of LC-MS, 4 brominated 
products were isolated from the fermentation. The biosynthetic pathway of the new brominated 
bis-indole derivatives confirmed to be the expression of monooxygenase and dioxygenase 
functional genens in the clones to produce isatin and 7-hydroxy indole, further aggregated to 
the new compounds. According to the study, 23 compounds were obtained from two strains of 
deep-sea metagenomic clones and host E. coli fermentation, including two new compounds; 
verified the biosynthesis pathway of four special metabolites, laid a foundation for further 
development and utilization of deep-sea functional genes. 

















eDNA       Environmental DNA 
PCR        Polymerase Chain Reaction 
ODS        Octadecylsilyl 
HPLC       High Performance liquid chromatography 
RP-HPLC    Reversed phase high performance liquid 
UV         Ultraviolet 
IR          Infrared 
ESI-MS     Electronspray ionization-mass spectrum 
m/z         Mass-to-charge ratio 
DEPT       Distortionless enhancement by Polarization transfer  
COSY      Correlated 2D spectroscopy 
HMBC      Heteronuclear multiple-bond correlation 
HSQC      Heteronuclear single-quantum correlation 
DMSO      Dimethyl sulfoxide 
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1986 年，Olsen 等提出了直接从环境样品中克隆 16S rDNA 来进行微生物多样性研
究。1991 ，Schmidt 等直接提取太平洋微小浮游生物总 DNA，经酶切后通过载体λ噬菌
体克隆到大肠杆菌中，构建了环境基因文库( environmental DNA library，eDNA) ，并从
中筛选了 38 个含有 16S rDNA 的克隆，序列分析后发现了 15 个新的细菌序列，由此提































































































图1.1 宏基因组学基本步骤及相关问题 [46] 
Figure1.1 Basic steps and key points of metagenomics[46]
Environmental sampling: 
 Biodiversity of environment 
 Reliance on enrichment 
 Amount of biomass available 
 Maintenance of sample integrity, sampling  
strategy ＆pool of sample 
 
  
DNA extraction and preparation: 
 Direct after cell extraction 
 Molecular weight of extracted DNA 
 Level of purification necessary 
 Achieving appropriate size range of DNA fragment  
Cloning and transformation: 
 Vector properties: insert size compatibility, host range, 
mobility, selection, markers, inducibility, etc 
 Host species ＆ genotype 
 Size of  library 
 Library cataloging ＆ storage 
Library screening: 
 Genetic screening via PCR or hybridization 
 Functional screening via positive selection or assay 
 High-throughput screening platforms, such as microarrays or  
flow cytometry 
 Functional screening in multiple hosts  
Downstream analysis ＆ exploitation: 
 (High-throughput)sequence analysis and annotation 
 Isolation of gene(s) of intrest 
 Over-expression of gene（s）for product/activity analysis 
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